Abstract: A three-dimensional finite element steel bridge and its deck pavement were established by ANSYS software to simulate the influence of different model and bonding failure between adjacent layers on stress values of asphalt concrete deck pavement. The stress values of asphalt concrete deck pavement were calculated and analyzed with consideration of the characteristic of asphalt concrete and interlayer bonding condition. The influence of the disengaging area between the upper layer and lower layer of asphalt concrete on the stress values of asphalt concrete deck pavement was computed and analyzed. At the same time, the influence of the disengaging area between the lower layer of asphalt concrete and the waterproof layer on the stress values of asphalt concrete deck pavement was calculated and analyzed.
Introduction
The steel bridge is widely used in the construction of long-span bridge [1] . Steel bridge deck pavement is an important structural layer of a steel bridge, which can protect the underlying steel deck from damages such as corrosion. Asphalt concrete deck pavement is the most common type of pavement for steel bridge deck pavement. However, investigations [2] had shown that cracking might occur as a major distress in asphalt concrete deck pavement on steel bridge. If no timely treatments are provided, further deteriorations such as potholes and bonding failures would occur.
Asphalt concrete paved on steel bridge was usually considered to be elastic material by many researchers [3, 4] , and adjacent layers of deck pavement were also considered to be completely continuous with each other [3] [4] [5] . This situation denotes as ECCS model. In fact, asphalt concrete is viscoelastic material [6, 7] , and temperature has a significant influence on characteristic of asphalt concrete. At the same time, bonding condition between adjacent layers is not completely continuous [8, 9] , which was neglected by many researchers. In this paper asphalt concrete deck pavement on steel bridge serve as viscoelastic material, and asphalt concrete material follows Burgers model. In addition, interlayer bonding condition carry through interlayer contact, which follow the Coulomb friction model, and interlayer contact will be realized by contact element and target element in ANSYS software. This situation denotes as VCCT model.
To reasonably predict and prevent distress of asphalt concrete deck pavement on steel bridge, stress values of asphalt concrete deck pavement calculated by the ECCS model and the VCCT model will be compared and analyzed. Stress values of asphalt concrete deck pavement on steel bridge will be calculated and analyzed on the basis of Burgers model and interlayer contact when bonding failures occur between adjacent layers.
Burgers model and Coulomb friction model

Burges model and parameters of Prony series
Burgers model is considered to be suitable to describe the viscoelasticity of asphalt concrete, and the creep function of Burgers model under a constant stress 0 σ can be described by [10, 11] : ( ) [10, 11] , and the shear modulus parameters listed in the Table. 2. 
Coulomb friction model
When a certain layer and its adjacent layer(s) are assumed to be interlayer contact with each other, the shear stress transmission between the adjacent layers follows Coulomb friction model [13] :
Where lim τ is ultimate shear stress, µ is the sliding friction coefficient, it equals 0.5 in this paper, P is the contact compressive stress in normal direction, b is the cohesion between the adjacent layer, τ is the equivalent shearing stress. In equation (2), if µ equals 0 or P equals 0, the cohesion b still exist, if b equals 0, two adjacent layers take place cohesive failure. In inequation (3), when τ between two adjacent layers is less than or equal lim τ , the two layers keep sticking, or the two layers start to slide.
Computation Model
In this study, a steel bridge was simulated by ANSYS software, and the upper layer of asphalt concrete (or ULAC for short), the lower layer of asphalt concrete (or LLAC for short) and the waterproof layer (or WPL for short) overlaid on the steel bridge. The material parameters are listed in table 3. The ECCS model used elastic parameters, and the VCCT model used viscoelastic parameters. The ULAC and the LLAC were assumed to be in contact with each other. The LLAC and the WPL were assumed to be in contact with each other. The WPL and the steel deck plate were assumed to be in contact with each other. The cross section size of the steel bridge (with a span of 30m) and its pavement are shown in Fig. 1 , and the direction of z-axis was the same with the driving direction. The loading position (or LP for short) is showed in the figure 1 at the mid-span, and the pavement structure subjected to single-axis double-wheel load [14] of 140KN. Other structure parameters of steel bridge are listed in table 4. When the emergency braking occurred, the braking force F will act on the ULAC. The braking force FG λ = , where λ is the braking coefficient, 
Stress of asphalt concrete pavement when disengaging area existing
As the vehicle load acted chronically and repeatedly on the asphalt concrete pavement, the disengaging area (bonding failure) might occur between the adjacent layers. When the disengaging area existed between the adjacent layers, the cohesion b there was assumed to be 0. Six types of disengaging area were shown in Fig. 2 , which existed under the left double wheel at loading position 1, and the shaded area was the disengaging area. Firstly, assumed that the six types of disengaging area appeared respectively between the ULAC and the LLAC, and the stress values of asphalt concrete deck pavement were calculated by VCCT model. The results were listed in table 6. The maximum tensile stress values of the LLAC and ULAC increased with "D" type and "T" type of disengaging area increasing, and the maximum shear stress values of the LLAC and ULAC also increased with "D" type and "T" type of disengaging area increasing. When disengaging area is greater than 0, the maximum tensile stress and maximum shear stress of the ULAC are greater than the maximum tensile stress and maximum shear stress of the LLAC at the corresponding types of disengaging area. The max tensile stress max of the LLAC and ULAC increased with "D" type and "T" type of 
Conclusions
(1) Compared with the results of the VCCT model, the results of the ECCS model underestimate the stress values of asphalt concrete deck pavement. This is a reason for explaining the premature failure of asphalt concrete deck pavement.
(2) When the bonding failure occurred between the adjacent layers, the bigger the disengaging area was, the greater the stress values of the ULAC and LLAC were. The "D" type of disengaging area has a significant influence on the maximum tensile stress of the ULAC. (3) When the disengaging area occurred between the ULAC and the LLAC, the maximum tensile stress values of the ULAC changed obviously. When the disengaging area occurred between the LLAC and the WPL, the maximum tensile stress values of the LLAC changed obviously. (4) The relative position of the disengaging area and the loading area had an influence on the stress values of the LLAC and ULAC.
